Study Design: A retrospective comparative study. Objective: The aim of this study was to compare the outcomes of anterior screw fixation and posterior temporary-fixation in the treatment of Anderson-D'Alonzo type II odontoid fractures. Summary of Background Data: Posterior C1-C2 temporaryfixation can spare the motion of C1-C2 in the treatment of odontoid fractures. However, it is unknown whether it can achieve the same outcomes as anterior screw fixation. Methods: Data of 20 patients who underwent posterior temporary-fixation due to Anderson-D'Alonzo type II odontoid fractures with intact transverse ligament were retrospectively reviewed. Another 20 patients undergoing anterior screw fixation were randomly selected as the control group. The range of motion (ROM) in rotation of C1-C2 measured on functional computed tomography (CT) scan and outcomes evaluated by the visual analog scale (VAS) for neck pain, neck stiffness, patient satisfaction, and neck disability index (NDI) were compared between two groups at the final follow-up. Results: At the final follow-up, 19 cases in each groups achieved facture healing. Total C1-C2 ROM in rotation on both sides in the posterior temporary-fixation group was 32.4 AE 12.58, smaller than 40.0 AE 13.0 in the anterior fixation group. However, there was no statistical difference between two groups. And there was no significant difference between two groups in functional outcomes evaluated by VAS for neck pain, neck stiffness, patient satisfaction, and NDI. Conclusion: Posterior temporary-fixation can spare the motion of C1-C2 and achieve same good clinical outcomes as anterior screw fixation in the treatment of Anderson-D'Alonzo type II odontoid fractures. It was an ideal alternative strategy to anterior screw fixation.
A nderson-D'Alonzo type II odontoid fractures 1 are the most prevalent odontoid fractures, the treatment of which is variable. Anterior screw fixation is regarded as the treatment of choice for these fractures with intact transverse ligament because it can preserve the motion of the atlantoaxial joint. However, posterior C1-C2 fusion has to be conducted in cases with contraindications to anterior screw fixation, sacrificing atlantoaxial joint motion. 2, 3 Since the introduction of a posterior temporary-fixation technique by Harms and Melcher, 4 this nonfusion technique has been progressively employed to treat odontoid fractures with intact transverse ligament. It is proven to be effective to spare the motion of the atlantoaxial joint and can achieve good clinical outcomes. [5] [6] [7] [8] However, there are few studies that compare the outcomes of this nonfusion technique with that of anterior screw fixation.
In the studies by Ni et al 5 and Guo et al, 8 most of the patients who underwent posterior temporary fixation due to fresh odontoid fracture regained motion of the atlantoaxial From the joint. The clinical results were encouraging and it was proved to be superior to posterior C1-C2 fusion. Therefore, we hypothesize that this temporary fixation technique can achieve the same outcomes as anterior screw fixation. In order to confirm our hypothesis, the motion of atlantoaxial rotation measured on a functional computed tomographic (CT) scan and the clinical outcomes will be compared between these two nonfusion techniques.
MATERIALS AND METHODS

Patient Population
Data of 20 patients who underwent posterior temporary fixation due to fresh Anderson-D'Alonzo type II odontoid fractures 1 before December 2013 were retrospectively reviewed. The inclusion criteria were (1) Grauer type IIC fractures, 9 and (2) Grauer type IIA and IIB fractures 9 that could not be fixed by the anterior approach. 5 Patients older than 65 years or with severe osteoporoses, nonreduced fractures, and cases with disruption of the transverse atlantal ligament were excluded. The temporary fixation technique has been described in previous studies. 5, 8 Fixation was performed using C1 lateral mass screws combined with C2 pedicle/laminar screws. Once fracture healing was observed, the instrumentation was removed so that the motion of atlantoaxial rotation could be obtained (Figure 1 A-J) . In order to analyze the differences in radiological and functional outcomes between temporary fixation technique and anterior screw fixation in the treatment of fresh odontoid fractures, another 20 cases undergoing anterior screw fixation because of Anderson-D'Alonzo type II odontoid fractures 1 were randomly selected as the control group (Figure 2 A-J) . Most of the cases were type II A and reduced IIB fractures with intact transverse atlantal ligaments. And there were no special body habitus such as barrel chest, short neck, and severe thoracic kyphosis, which might prevent proper trajectory for anterior screw placement. After the initial operation, all patients of the two groups wore a Philadelphia collar for 6 to 8 weeks.
The study had been approved by the ethical committees of our hospital. Every patient gave informed consent.
Radiological Assessment
Plain radiographs before surgery, at 3, 6, and 12 months after surgery, and annually thereafter were reviewed. CT scan and reconstruction was performed at 3 months or more postoperatively to evaluate fracture healing that was defined as evident bridging bone across the odontoid fracture site. Functional CT scan was employed to assess the range of motion (ROM) in rotation of C1-C2 in patients with instrumentation removal in the temporary fixation group and in cases with fracture healing in the anterior screw fixation group at the final follow-up. The measurement was performed using bone algorithms on functional CT scan according to previous studies 5, 8 ( Figure 1G -J, Figure 2G -J). Stability of the C1-C2 complex was evaluated on flexion-extension lateral radiographs.
Functional Outcome Assessment
The functional outcomes evaluated by the visual analog scale (VAS) for neck pain, 10 neck stiffness (none/mild/ severe), 11 patient satisfaction, 12 and neck disability index (NDI) 13 were compared between two groups at the final follow-up.
Statistical Analysis
Analyses of the data were performed using SPSS Statistics for Windows, Version 17.0 (SPSS Inc., Chicago, IL). Statistical significance was defined as P <0.05.
RESULTS
At the final follow-up, 38 patients achieved facture healing (19 cases in each group). In the temporary fixation group, implants were removed in the 19 patients after fracture healing, 4.42 AE 1.07 months after posterior temporary fixation. The left one with fracture nonunion was still under follow-up. In the anterior fixation group, the patient with fracture nonunion underwent posterior C1-C2 fusion 1 year after anterior screw fixation.
Outcomes of the 38 patients (19 cases in each group) with fracture healing were analyzed. The general information was presented in Table 1 . There was no significant difference in all general information except for fracture type. The difference in fracture type could not be avoided because the two techniques had respective surgical indications.
At the final follow-up, the total ROM in rotation of C1-C2 on both sides in the posterior temporary-fixation group was 32.4 AE 12.58, smaller than 40.0 AE 13.0 in the anterior fixation group. However, there was no statistical difference between two groups (P ¼ 0.07). The functional outcomes of two groups were compared at the final followup (Table 2 ). There was no significant difference in outcomes evaluated by VAS for neck pain, neck stiffness, patient satisfaction, and NDI.
DISCUSSION
In this study, outcomes of two nonfusion techniques in the treatment of fresh Anderson-D'Alonzo type II odontoid fractures 1 were analyzed and compared. The rates of fracture healing were high, 95% for both techniques. And there were no significant differences between two techniques in outcomes evaluated by ROM in rotation of C1-C2, VAS for neck pain, neck stiffness, patient satisfaction, and NDI.
Nowadays, there remains a lack of consensus regarding the preferred method of treatment of Anderson-D'Alonzo type II odontoid fractures. 1 In order to guide treatment options, Grauer et al 9 further classified type II fractures into three subtypes (II A, II B, II C) on the basis of fracture line obliquity, displacement, and comminution. Anterior screw fixation gives immediate direct fixation of the fracture, offers a high rate of fracture union, and preserves the normal mobility of C1-C2, being considered to be the surgical treatment of choice for type II A and II B fractures. However, type II C fracture, with an oblique fracture line from posterosuperior to anteroinferior that would parallel screw trajectory, is a contraindication to anterior fixation, because interfragmentary compression by the odontoid screw cannot occur.
14 In our study, only one type II C odontoid fracture was treated with anterior fixation. At the final follow-up, although solid fracture healing was achieved, secondary anterior osteophytes at C2/3 level due to partial backward migration were observed. The patient reported a moderate neck pain that might be caused by the secondary degeneration of C2/3. Therefore, for type II C fractures, posterior C1-C2 fixation and fusion should be performed, unfortunately scarifying the motion of C1-C2. In order to conquer this deficit with posterior fusion, posterior temporary fixation was conducted on the patients with type II C and II B fractures that could not be reduced or/ and fixed with anterior screw fixation. Therefore, in our study, most of the fractures treated with anterior screw fixation were type II B fractures, while most of the cases with posterior temporary fixation were type II C fractures. Different indications of two nonfusion techniques contributed to the differences in fracture type between two groups. Nevertheless, the fracture healing rate in the posterior temporary fixation group was 95%, as high as that in the anterior screw fixation.
The atlantoaxial joint shares approximately half the cervical spine rotation angle. In the study by Dvorak et al, 15 35 healthy adults (aged from 21 to 49 years) were examined by functional CT of the cervical spine, performing maximal passive rotation to the left or/and right sides. The estimated values of the segmental bilateral rotation of the cervical spine were 2.81 AE 2.18 at C0-C1, 41.5 AE 5.28 at C1-C2, and 30.77 AE 4.58 at C2-T1. Monckeberg et al 16 reported that the average C1-C2 rotational angle of 40 healthy asymptomatic white adults, aged from 23 to 61 years, was 388 (range 368-438) to each side. In our study, the total rotational angles of C1-C2 on both sides were 32.4 AE 12.58 in the posterior temporary fixation group and 40.0 AE 13.0 8 in the anterior fixation group. The C1-C2 ROM in rotation of our patients was smaller than that of healthy adults. 15, 16 In fact, postoperative loss of C1-C2 rotation was not uncommon in patients who underwent anterior screw fixation or posterior temporary fixation because of odontoid fractures. In the study by Ruf et al, conducted a retrospective study in 10 patients who had received posterior temporary fixation following acute odontoid fracture. They found that the mean left-to-right C1-C2 rotation was 178 after implant removal, smaller than that in former two studies. 7, 17 They considered that the early postoperative pain and lack of mobilization might limited the ROM because the functional CT scans were performed at days 3 to 5 after implant removal. Our results confirmed their presumption, with a 32.4 AE 12.58 of C1-C2 rotation 44.8 AE 26.0 months after posterior temporary fixation, which was larger than 178. Furthermore, although there was no statistical difference in C1-C2 rotation between anterior screw fixation group and posterior temporary fixation group in our study, C1-C2 rotation angle after anterior surgery seemed to be larger than that after posterior surgery.
6,17 Therefore, we concluded that scar repair following soft tissue injury complicated with odontoid fracture might lead to loss of ROM in rotation at C1-C2 after both anterior and posterior operations. And additional surgical scar after posterior surgeries might further limit C1-C2 ROM in rotation. In addition, Pitzen et al 6 found that the degree of mobility was negatively correlated with the age of the patient. However, few cases were included in their study.
Therefore, in order to analyze the effect of age on C1-C2 rotation, we plan to conduct a study in which an agematched group with a large sample of healthy adults is included in the future.
It is important to spare the motion of C1-C2 complex for the treatment of odontoid fractures. 18 Nonfusion techniques have been proved to be with better clinical outcomes than posterior fusion technique, although there were few studies analyzing the difference in outcomes between anterior and posterior nonfusion techniques. In the study by Rizvi et al, 19 significantly greater stiffness was observed in patients with posterior C1-C2 fusion than that with anterior screw fixation. And in the study by Guo et al, 8 although minimal neck pain and stiffness were observed in both fusion and temporary fixation groups, the temporary fixation group achieved less neck stiffness and NDI than the fusion group. In this study, functional outcomes of two nonfusion techniques were compared. Posterior temporary fixation technique can achieve similar results as anterior screw fixation, evaluated by VAS for neck pain, neck stiffness, patient satisfaction, and NDI. Therefore, we concluded that posterior temporary fixation technique was an ideal alternative strategy for odontoid fractures with intact transverse ligament but with contraindication to anterior screw fixation.
Limitations
Firstly, it was a retrospective study. Small cases were included and there was no age-matched group with healthy adults in the study. Therefore, factors affecting postoperative C1-C2 rotation could not be obtained. Secondly, this study aimed to evaluate the C1-C2 ROM in rotation using a functional CT scan. The influence of postoperative degeneration of the subaxial cervical spine on clinical outcomes was not assessed. Therefore, further study with large sample should be conducted to evaluate the effect of different treatments on postoperative secondary degeneration of the subaxial cervical spine and the influence of degeneration of the subaxial cervical spine on clinical outcomes. Finally, a cohort of posterior C1-C2 fusion patients was not involved. As a result, the clinical superiority of anterior/posterior nonfusion technique to posterior fusion technique could not be demonstrated in this study.
CONCLUSION
Posterior temporary fixation can spare the motion of C1-C2 complex and achieve same good clinical outcomes as anterior screw fixation in the treatment of Anderson-D'Alonzo type II odontoid fractures. 1 It was an ideal alternative strategy to anterior screw fixation.
Key Points
Posterior C1-C2 temporary fixation can spare the motion of C1-C2 complex in the treatment of odontoid fractures. Posterior C1-C2 temporary fixation can achieve same good clinical outcomes, evaluated by VAS 
